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ABSTRACT
The East Potrillo Mountains are located just north of the U.S.-Mexico border in southwestern
Dona Ana County, New Mexico. Laramide and Rio Grande rift deformation has formed lowangle and high-angle Tertiary normal faults that are exposed in the area. Along the east flank of
the range is the East Potrillo Fault identified on the surface as a north-striking scarp. Fault scarps
associated with the East Potrillo Fault have been dated using slope degradation models and they
range between 56 ka and 377 ka in age. Offset of geomorphic surfaces interpreted to be tectonic
terraces records at least four earthquakes over that period of time, leading to an estimated
recurrence interval of 33.5 kyr. Because of this paleoseismic history, the East Potrillo Fault
potentially poses a significant seismic hazard to the over 2 million residents living in the border
region. Our study presents two 2D seismic reflection profiles to give the first subsurface image
of the East Potrillo Fault and potentially other subsidiary faults that have not broken the surface.
Three faults are identified in the subsurface, two of which were previously unknown. The range
bounding fault is identified 300 m west of observed fault scarps. The fault scarp is found to be
formed from one of two secondary faults. It dips 75°s east and has a fault offset of 150 m. The
other secondary fault is an antithetic fault dipping 75°s west and forms a graben within the EPF
system.

The vibroseis source data acquisition is found to be beneficial for characterizing

unknown subsurface features.
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INTRODUCTION
This study presents the analysis of seismic reflection data acquired in 2008 with the
objective of imaging the East Potrillo Fault (EPF) in southwestern Dona Ana County, New
Mexico. The East Potrillo Mountains partly define the western edge of the Mesilla basin just
north of the U.S.-Mexico border. In this area, extension in the Rio Grande rift has led to the
formation of low-angle and high-angle Tertiary and Quaternary normal faults that are exposed
throughout the region (Mack et al., 1994). Along the east flank of the range, the East Potrillo
fault manifests itself on the surface as a set of north-striking, east-facing fault scarps (Figure 1).
The fault scarps associated with the EPF have been dated using slope degradation methods, and
they range between 56 ka and 377 ka in age (Cervera, 2006). Offset of geomorphic surfaces
interpreted to be tectonic terraces records at least four large (M ~ 6-7) earthquakes over that
period of time, leading to an estimated recurrence interval of 33.5 kyr.

Because of this

paleoseismic history, the East Potrillo Fault potentially poses a significant seismic hazard to the
over 2 million residents living in the border region (U.S. Census Bureau, 2000). However, to
date, little research has been conducted to characterize the EPF in the subsurface. Analysis of
this new geophysical seismic data provides the first high resolution (upper 1 km) image of the
EPF in the subsurface.
Seismic reflection data were collected along two east-west trending profiles extending
from the east flank of the East Potrillo Mountains, across the EPF, to approximately 1 km into
the Mesilla basin (Figure 2). We recorded data on a total of 333 seismic station locations.
Station locations were surveyed with the Global Positioning System (GPS) to obtain the precise
latitude, longitude, and elevation information needed for data processing. The seismic reflection
data were processed using the ProMAX seismic processing software package and were
interpreted in conjunction with geologic cross sections (Mack, 1994), existing gravity models
(Gillepsie, 2002) and well cutting interpretations (Thompson, 1982).
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The results of this study show that additional fault strands occur in the subsurface that are
not seen at the surface. The seismic data indicate a possible listric normal fault at the mountain
front that continues in the subsurface beneath two to three secondary faults.

One of the

secondary faults, rather than the main fault, appears to correlate with the mapped fault scarps at
the surface, and all of the faulting appears to be syn-depositional because the dips of basin fill
strata in the Mesilla basin adjacent to the faults increases with depth. In addition, the surface
geomorphology of streams appears to correlate with both the visible scarp as well as with one of
the secondary faults.

Las Cruces

Study Area

El Paso
Cuidad
Juarez

USGS Hazard

Figure 1: Location map showing Quaternary faults (blue) and seismic survey location of the
East Potrillo fault (EPF) (gray box). The fault scarps associated with the EPF have been dated
using slope degradation methods, and they range between 56 ka and 377 ka in age (Cervera,
2006). Offset of geomorphic surfaces interpreted to be tectonic terraces records at least four
2

large (M ~ 6-7) earthquakes over that period of time, leading to an estimated recurrence interval
of 33.5 kyr.

Figure 2: Location map showing seismic reflection profiles (green) crossing the East Potrillo
fault (blue). Seismic profiles were acquired along access roads extending to the mountain front
from the Mesilla basin. Each seismic profile is approximately 1 km long.
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BACKGROUND
The study area lies within the Rio Grande Rift (RGR) tectonic province, which trends
north-south for more than 1,000 km through Colorado and New Mexico, and terminates in west
Texas and Chihuahua, Mexico (Keller et al., 1990) (Figure 3). Regional studies indicate that
early extension in the RGR took place in a northeast-southwest direction and began in the middle
Tertiary (Seager et al., 1984). Mack et al. (1994) report extension on the order of 75-100%
during this time based on reconstruction of cross sections and strain analysis (Thompson, 1960;
Angelier and Colleta, 1983).

4

Figure 3: Regional geologic map of the Rio Grande rift. Redrafted from Keller et al. (1990).
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Sedimentation in the southwestern RGR began with the start of rifting in the middle
Tertiary. The RGR began an aggradational phase that started in the late Pliocene (ca. ~5 0.8
Ma). The aggradational phase resulted in the deposition of fluvial and lacustrine sediments. A
degradational phase began in the middle Pliestocene (ca. 780 ka) which continues to the present
day (Mack et al., 2005). During the degradational phase, the Rio Grande River began to incise
the basin fill deposits, and channel sandstones and mudstones were deposited in the Mesilla
basin (Mack et al., 2005).

East Potrillo Mountains
The boundary fault of the East Potrillo Mountains is a normal fault that trends northwest
and is named the East Potrillo Fault (EPF) (Mack et al., 1994). Seager et al. (1984) and Chapin
and Seager (1975) suggest that movement on high angle normal faults, such as the EPF, formed
the modern ranges in New Mexico between 9 Ma and the present. Mack et al. (1994) identified
the surface trace of the EPF as an east-facing piedmont scarp. The height of the scarp reflects
the accumulation of total vertical surface offset caused from fault ruptures. The scarp height
ranges from 8 to 15 m (Cervera 2006). Segments with greater height may be indicative of
portions along the EPF of greater activity. The surface trace of the EPF has been mapped by
Machette (1996) from the northern end of the East Potrillo Mountains south to the Mexico
border. It has been estimated that the EPF continues at least another 24 km south into Mexico
(Reeves, 1969). While our study focuses on the subsurface structure of the EPF, fault length is an
important consideration when determining the magnitude potential of a future earthquake
(Wysession et al., 2003). Prior to this study, the subsurface structure of the EPF was limited to
surface geology (Mack et al., 1994), and regional gravity and seismic data analysis (Gillespie
2002, Averill 2008). Cross sections based on surface geology from Mack et al., (1994) illustrate
6

the current model for the geometry of the EPF and its relationship to surrounding geology
(Figure 4). The oldest outcrop in the East Potrillo Mountains is Permian limestone of the Yeso –
San Andres Formations (Mack et al., 1994). The EPF separates the Permian limestone from
younger basin fill deposits. The cross sections from Mack et al., (1994) identify the surface
location of the EPF primarily on the basis of surface scarps. Cumulative offset along the EPF
has been estimated to range from several hundred to thousands of meters (Mack et al., 1994 and
Cervera 2006).

A
B
10 km
C
A’

A
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Figure 4: Cross sections from Mack et al. (1994). The location of cross sections is shown on
the top surface map. Cross sections A, B, and C each span approximately 2 km showing rock
formations and the EPF offsetting basin fill sediments.

Sediment Geology Background
The oldest rock exposed in the East Potrillo Mountains is Permian Limestone of the
Yeso-San Andres Formation and ranges from 300 m to 500 m in thickness (Figure 5) (Mack et
al., 1994). Approximately 119 m to 168 m of the Lower Cretaceious Hell-to-Finish Formation
lies unconformably on the Yeso-San Andres Formation (Mack et al., 1994). The Hell-to-Finish
Formation is predominately made up of a mottled siltstone member. The U-Bar Formation is a
massive limestone and conformably overlies the Hell-to-Finish Formation. It is approximately
30-m thick in the north and gradually thins to 13-m thickness in the south (Mack et al., 1994).

8

There are two different sequences of volcanic rocks that may be imaged by the seismic
data. The volcanic rocks origin is the Mt. Riley – Mt. Cox volcanic domes. The oldest is the
Rubio Peak Formation (Upper Eocene – Middle Oligocene) most characteristic of porphyritic
flows and laharic breccia (Mack et al., 1994). Fined grained intermediate composition volcanic
flows believed to be Middle – Upper Oligocene are exposed at the surface in contact with the
lower Sante Fe rocks (Mack et al., 1994). The deeper formations (1,000 m – 2,000 m) are the UBar Formation, Hell-to-Finish Formation and Yeso-San-Andreas Formation.
Knowledge of basin fill sediments surrounding the EPF comes from previous studies by
Mack et al. (1994) and Hawley (1989) that are based on surface geology and water wells. Mack
et al. (1994) proposed that there is at least 1.5 km of Pleistocene sedimentary fill in the Mesilla
basin.

The basin fill deposits along the eastern flank of the East Potrillo Mountains are

predominantly the Sante Fe Group (Mack et al., 1994).

The Santa Fe Group contains

approximately 300 m of fanglomerate, representing the Plio-Pleistocene aggradational phase
associated with the evolution of the RGR (Mack et al., 1994). The upper part of the Sante Fe
Group is locally known as the Camp Rice Formation (Hawley, 1984). It consists of late Pliocene
to middle Pleistocene alluvial-fan and basin-floor deposits.

9

Figure 5: Columnar stratigraphic section from Mack et al. (1994). The major formations are
listed and their thickness is on the right in meters. See text for lithology descriptions.

Subsurface Geology and Geophysics
A gravity model, developed by Gillespie (2002) that extends from the East Potrillo
Mountains east into the Mesilla basin for approximately 40 km north of the East Potrillo
Mountains gives the first geophysical constraint on the subsurface structure of the Mesilla basin
at the EPF boundary (Figure 6). The gravity model indicates that Cenozoic fill in the Mesilla
basin is ~ 3 km thick east of the EPF. South of the East Potrillo Mountains, Averill found that
the western portion of the Mesilla basin was only as deep as 1.5 km (Figure 7).
The Pure Oil well, located just southwest of our northern profiles EP-1 and EP-1.5
(Figure 2) provides constraints on the subsurface bedrock geology west of the EPF. The well was
drilled in 1962 by the Pure Oil Company to a depth of 2077 m. Log notes and cuttings from the
10

well have been interpreted by Kottlowski et al. (1987) and Thompson (1982). The first 190 m of
the well are interpreted to be Permian limestone. A reverse fault is interpreted to occur at a
depth of 1342 m and no other faults were noted. The remaining section of the well was noted to
only have encountered Paleozoic section. As no normal faults were encountered in the well it has
been interpreted to have been drilled west of the EPF (Kottlowski et al. (1987) and Thompson
(1982)).

11

Figure 6: Gravity model from Gillespie (2002). The model indicates basin geometry showing
bedrock contact at the EPF and an approximately 3 km deep basin east of the fault.
12

Figure 7: Gravity model covering th
thee Mesilla Basin (SP5). Solid black line shows bedrock
interface in the Mesilla basin 1.5 km depth.
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METHODS
Seismic Data Collection
In order to characterize the subsurface structure of the EPF system we acquired high
resolution seismic reflection profiles in two locations during the summer of 2008. The profiles
are located along two existing east-west gravel roads, approximately 1 km apart (Figure 2). Data
were collected over the course of 5 days. Data were collected first at the northern line EP-1.5 on
July 15, 2008. The southern line profile EP-2 was collected on July 17 2008. Data were
recollected on the northern line as profile EP-1 on July 18, 2008. Source and receiver locations,
including elevations, were surveyed to 10-cm precision using Topcon GB1000 real-time
kinematic differential GPS receivers (Appendices A and B)

The source was a Model T-7000

minivibe, an advanced seismic source system designed for high resolution geophysical surveys
(Figure 8) provided by New Mexico Tech. The minivibe generates a source signal starting at
low frequencies and gradually increases energy to high frequencies, known as a sweep frequency
(Yilmaz, 1987). An 8 s sweep with frequency range of 20-180 Hz was used in our survey.
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Figure 8: Photograph of a Model T-7000 minivibe, the advanced seismic source system
provided by New Mexico Tech. The minivibe generates a source signal starting at low
frequencies and gradually increases energy to high frequencies, known as a sweep frequency.
An 8 s sweep with frequency range of 20-180 Hz was used in our survey.

Two seismic survey designs were implemented in this study. The initial survey design
had a fixed spread of 201 geophones spaced at 5-m intervals along profile EP-1.5 (Figure 9a).
15

At every station, four vibroseis sweeps were taken. Execution of this initial survey design
proved to be too slow given the time available, and it was abandoned after data was collected at
25 source locations.

The survey design was then modified to use a fixed spread of 110

geophones spaced 10 m apart along profile EP-1 (Figure 9b). Again, four sweeps were taken at
each station. This same design was also used for profile EP-2 which was comprised of a fixed
spread of 153 geophones, also spaced 10 m apart (Figure 9c).
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Figure 9: Schematic showing the seismic survey design used in our study. We first attempted a
5 m station spacing (A) but were limited to 25 shots due to time constraints. A station spacing of
10 m was used to resolve time constraints at the sacrifice of data quality (B and C).
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DATA PROCESSING
The seismic data were processed using ProMAX, a seismic data processing software
package, to ultimately obtain a stacked record for each profile. The flow used for processing the
data is illustrated in Figure 10, and described in detail in the following paragraphs. To begin, the
raw seismic data were initially retrieved from the recording instruments by UTEP researchers
Galen Kaip and Dr. Steve Harder, and converted to SEGY format for use in ProMAX. The
source and receiver geometry information was then entered into a spreadsheet (Appendix C) and
subsequently transferred to the ProMAX database and from there, into the seismic data trace
headers.

18

Figure 10: Schematic showing the processing flow used in this study.
VIBROSEIS CORRELATION
The first operation applied to the trace data was vibroseis correlation. This step is
necessary because the raw seismic data is a combination of several types of seismic signals
generated by the vibroseis. These seismic signals include surface waves, air waves, and both
refracted and reflected signals from layered geology (Figure 11). In vibroseis correlation, the 8 s
pilot signal with frequency 20 Hz - 180 Hz was cross correlated with the field record (as
illustrated in 1 and 2 in Figure 12). As a result, the source signal is compressed from a long
sweep to the autocorrelation of the sweep known as a Klauder wavelet (Figure 12) After
vibroseis correlation, the variety of seismic signals that have been recorded (Figure 14), is much
more evident than in the raw data (Figure 13).

19

Figure 11: Schematic diagram showing the different seismic phases recorded during an active
source experiment. Red lines indicate the travel path of a reflected wave. These are of primary
interest in this study. Seismic reflection processing aims at enhancing the reflected waves
recorded at each geophone.
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Figure 12: Schematic of vibroseis correlation process. It works by transforming the source input
signal (7) into a compacted Klauder wavelet. This process is accomplished by cross-correlating
the field record (2) with the source input signal (7). Braile 2010.
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Figure 13: Example of a typical shot record before any processing has been applied. Above shot
record shows a vibroseis sweep of 20 Hz – 180 Hz recorded for 8 s. Seismic reflections are
masked by the sweep length and high amplitude surface waves.
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Next, records from sweeps acquired at the same vibration point (VP) were vertically
stacked. On average, we collected a total of four sweeps at each vibration point. Vertically
stacking averages data from each receiver that recorded data from a particular vibration point.
The benefit of this step is an improvement in the signal to noise ratio.
Even after the vertical stack, considerable unwanted seismic energy is still contained in
the shot records (Figure 14). In particular, surface waves trapped in the upper layer of the
Earth’s surface have higher trace amplitudes that mask reflected signals.

Other unwanted

seismic energy comes in the form of an air wave, caused by source energy traveling through the
air and in refractions (Figure 14).
To remove the surface wave and air wave, a bottom mute was applied to the shot records.
Muting refers to setting the seismic amplitudes specified time windows to zero. In choosing the
mute parameters, I took a conservative approach and left as much data as possible while still
zeroing out the unwanted seismic signals. This was done in ProMAX by interactively picking
mute times on the shot gather that were then stored to a ProMAX database. Subsequently the
trace mute process was applied to the data. Additional muting, known as the trace kill process
(Yilmaz, 1987), was also done to remove noisy traces caused by bad geophones and human
activity. To choose bad traces for the trace kill process, I examined every shot record and
interactively selected traces for killing which clearly lacked any seismic signal, After noting
which traces were bad in each shot record, in the ProMAX database, I applied trace kill to set
those trace amplitudes to zero.

23

Figure 14: Typical shot record after applying the processing techniques of vibroseis correlation,
vertical stacking, and mutes. Surface wave energy has been removed and far offset reflected
arrivals show increased trace amplitude.
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Seismic reflection processing requires that the start time for each trace be referenced to a
single elevation (Yilmaz, 1987). In our study area, the topographic relief along the seismic
profiles is approximately 100 m and is corrected using a static correction. The static correction
shifts data traces in time so all seismic traces are referenced to the same elevation datum
(Yilmaz, 1987). Shifting the data traces required using a replacement velocity of 1260 m/s,
which I derived from the direct arrivals in the shot records. After application of the static
correction, traces were shifted a maximum of 50 ms so as to be referenced to an elevation of
1221 m (Figure 15). This datum is the lowest common elevation along both profiles.

Figure 15: Schematic showing how elevation statics is applied to the data. Accounting for
surface elevations a reference datum of 1221 m above sea level was chosen to shift seismic data
traces in time. An average near surface velocity of 1260 m/s was chosen when applying the
elevation statics. Static shifts ranged from approximately 5 ms – 50 ms.
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Next, the data were sorted from shot gathers to common midpoint gathers (CMP) (Figure
16). A CMP is a location, halfway between a source and receiver, where reflected waves bottom
out, in the case of flat layers. A CMP gather contains all traces in a seismic survey with sourcereceiver midpoints in common (Yilmaz, 1987). ProMAX automatically calculates the CMP
locations for every trace during geometry setup and stores it in a database. Line fold describes
the maximum number of traces in the CMP gather which have the same common source-receiver
midpoint in the survey. Because we acquired our data with a fixed spread, our data have a
maximum fold of 55 traces for profile EP-1 and 76 traces for profile EP-2. The fold for each
CMP is ultimately stacked horizontally to get an improved signal to noise ratio. To compensate
for spherical divergence and attenuation of the reflected waves, an automatic gain control (AGC)
was applied to the data (Yilmaz, 1987). AGC calculates the mean absolute value of trace
amplitudes within a moving time gate and divides the amplitude of each trace at the center of the
gate by this value (Yilmaz, 1987). I used parameter testing in ProMAX to find the best AGC
gate length that would enhance reflected events without over amplifying noise. I found that an
AGC window of 500 ms best met these criteria for these data.
In order to remove multiples and enhance the higher frequencies in the data,
deconvolution was applied.

Theoretically, the recorded seismic trace is the result of the

convolution of the source wavelet with the subsurface. In practice, seismic data are also affected
by multiples and attenuation introduced as the seismic wave propagates through the Earth.
Deconvolution aims at removing these Earth effects as well as some of the effects of the
receivers and recording system. We applied a predictive deconvolution to our data to remove
multiples, trace data resolving the same subsurface data at longer times. Deconvolution relies on
two primary parameters, operator length and the prediction distance known as lag. I ran repeated
tests to determine the optimum operator length and prediction distance. After each test the
autocorrelation of the CMP gather was investigated to look for removal of multiples and ringy
data. The results of deconvolution on the CMP gathers and their associated autocorrelations can
be seen in Figure 17.
26

After deconvolution a bandpass filter was applied to remove noise outside the frequency
band where reflected seismic energy is recorded. Parameter testing in ProMAX was used to
design a Butterworth bandpass filter with the final slope and bandpass frequencies of 10-20-4060 Hz.

A

Figure 16: Typical common midpoint gather (CMP). The CMP gather shown above has had the
following processing techniques applied: Vibroseis correlation, muting, automatic gain control,
deconvolution, and bandpass filter. The processing techniques aim at improving reflection
hyperbolas (A).
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Figure 17: Showing the processing technique of predictive deconvolution. The images (left)
represent the same common midpoint gather (CMP). The top (left) image is the original CMP
gather before deconvolution. The bottom (left) image is the result of applying the deconvolution
operator. The (right) images are the autocorrelations for the CMP gather. Notice the removal of
ringy traces and enhanced reflected trace amplitudes.
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The velocity analysis for this data set was done using constant velocity stacks (CVS)
(Yilmaz, 1987). I chose this method over an alternative semblance velocity analysis because of a
relatively poor signal to noise ratio which made velocity correlations difficult. Conversations
with colleagues also suggested constant velocity stacks often work best for low fold seismic
surveys. The CVS method applies normal moveout (NMO) using a series of constant velocity
values to every CMP and then stacks the result for each velocity value. The purpose of applying
NMO is to flatten hyperbolic reflections for stack (Figure 18). To find the velocity model that
best flattened reflections in this seismic survey, I tested a range of velocities from 800 m/s to
4500 m/s using an increment of 200 m/s with CVS analysis. To facilitate picking the stacking
velocities, ProMAX display multiple panels, each stacked with a single velocity. The user can
then interactively pick the velocities that best stack in the reflection to create a time and spacing
varying velocity model. Table 1 shows sample velocity functions for this first pass of velocity
analysis.

2 Way Travel Time (ms)

Velocity (m/s)

1500

1800

2200

2200

2800

2600

3200

2800
Table 1: Showing a sample velocity function after analyzing constant velocity stacks.

Lateral changes in velocity were analyzed and a time – space varying velocity field was used for
the final stacking. The stacking velocities from tables like the one above were used to convert
data to depth.

Visual examination of CMP gathers as well as the constant velocity stacks indicated to us
that strong geologic dip must occur in the subsurface. For this reason Dip Moveout (DMO), a

29

partial pre-stack migration process, was applied to the data. Evidence for geologic dip included
the observation that some reflection hyperbolas in the data were not symmetric around zerooffset in the gathers (Figure 19). In addition, constant velocity stacks showed evidence for
strong east dip. Finally, during the constant velocity analysis, I found that a few different
velocities values would work to stack out a reflected event equally well. This is not surprising as
the presence of dip violates the assumption that reflections in a CMP gather sample the same
subsurface point (Figure 19). DMO has the effect of removing the asymmetry in the reflection
hyperbolas caused by dip (Yilmaz, 1987).
The process of applying the DMO requires applying NMO then DMO, then removing the
NMO. The velocity model used in NMO, prior to application of DMO, was the one created in the
first pass of constant velocity analysis discussed above (Table 1). After DMO the reflection
hyperbolas became centered on zero offset. After inverse NMO, we repeated the constant
velocity analysis to build an updated velocity model. During this pass, we found that we were
able to define the velocities that best stacked the data much more easily.
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Figure 18: Schematic showing the normal moveout correction (NMO). NMO corrects a
hyperbolic reflection appearance of long offset CMPs where reflections of the same layer arrive
at progressively longer time delays. The NMO flattens these hyperbolic reflections, giving a
better representation of the true subsurface geometry.
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Off Center
Hyperbola

Centered
Hyperbola

FIGURE 19: THE ABOVE FIGURES ARE SHOWING THE SAME COMMON MIDPOINT GATHER AND ARE
EXPECTED TO REPRESENT A ZERO OFFSET SECTION. EVIDENCE FOR DIPPING BEDDING PLANES ARE
OBSERVED (LEFT) BY AN ASYMMETRIC HYPERBOLA. AFTER APPLYING THE DMO CORRECTION TO
ACCOUNT FOR THE GEOLOGIC DIP (RIGHT) THE REFLECTION HYPERBOLAS ARE SYMMETRIC.

Figure 20: Showing my custom designed quality control model. Three data sets are shown
above, a CMP gather (far left), NMO corrected CMP gather (middle) and the resulting CMP
32

stacked trace (far right). These data sets were compared to ensure the proper stacking velocity
was used to flatten reflected hyperbolas.
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The above discussions on processing techniques have been preparing the data leading up
to the final stacking of the data so it can be interpreted. An example of the stacking process is
shown in Figure 20. For every CMP gather a single seismic trace is produced. To make sure I
had the best possible stacking velocities I created a custom quality control flow. In ProMax I
loaded each processed CMP gather, (Figure 20 left) the associated flattened CMP gather, (Figure
20 middle) and the final stacked trace (Figure 20 right). The stacked trace for each CMP
averages all the seismic traces in the NMO corrected gather, improving the signal to noise ratio
and enhancing the reflected amplitude for each CMP location.
The final processing step was migration.

Migration collapses hyperbolas and

geometrically repositions reflections to their true subsurface position.

In general, dipping

reflection move up dip and become steeper after application of migration. The method of
migration used on our data was a constant velocity Stolt migration. We chose this migration
because of the relatively poor signal to noise ratio and the ability to quickly test a range of
parameters. Parameter testing showed under migrating below 2000 m/s and over migrating
above 3000 m/s. The final Stolt migration velocity was chosen to be 2600 m/s. The final
migrated record sections (Figures 21, 22, and 23) can then be interpreted as the equivalent of
geologic cross sections.
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RESULTS
Data quality and reflection character between the two seismic lines collected with 10-m
station spacing are similar in character (EP-1 and EP-2) (Figure 21 and 23). The seismic profile
with 5-m station spacing (EP-1.5) however shows much stronger reflection amplitudes and
continuity of reflectors deeper in the section (Figure 22). Because profile EP-1.5 is a result of
only 25 shot locations, it likely contains refractions at longer offsets. Due to this problem, only
the first few hundred meters is used to describe the subsurface.

D

A

B

Figure 21: Final stacked record section profile EP-1.
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C

Seismic Profile EP-1
We interpret the west end of the profile (in the vicinity of CDP 2100) to show a
truncation of reflected events along a large structure continuing beyond our seismic time window
(A).

This structure has an average dip of approximately 70°s east.

Dip is calculated by

converting the time section to depth using the velocity function in the following equation,
 



  


and then using basic trigonometry to solve for the dip angle. When

comparing this feature to the observed EPF surface scarps we find the subsurface structure 250
m – 300 m further west suggesting we are describing a previously unknown structure. We also
observed this new structure on profile EP1.5 which was collected in the same location with
closer station spacing.
To validate the finding of a new structure I extrapolated the surface scarp that was
understood to be the EPF to depth using a 75° dip correlating the scarp to subsurface offset. The
correlation matches to several offset reflectors seen along B in Figure 21. Apparent offset on
fault B is approximately 70 m on the most prominent reflected event at 50 ms. Measuring offset
of fault B at greater depths shows offset increasing to 100 m (B, 500 ms Figure 21). We also
note the B fault forms a mini graben with another previously unknown structure (C in Figure 21).
Using the knowledge gained from what the known B fault looks like in the subsurface we
have identified another fault further east in our seismic section (C in Figure 21). The C fault is
identified by an abrupt termination of reflected events. The newly defined C fault has a dip of
approximately 75°s to the west. Our data suggests the C fault soles into fault B at a depth of
approximately 650 m. We estimate offset along the C fault between 50 m – 100 m (C, 400 ms
Figure 21). Offset along fault C increases to approximately 150 m at greater depths (C, 600 ms
Figure 21). Other seismic features are observed near the center of the profile where there is a
change in the appearance of reflected events (D Figure 21).
In the upper 250 ms of the seismic profile we observe a change from east dipping
reflected events and near horizontal reflected events. We interpret the east dipping reflected
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events to be alluvial fans deposited over the surface expression of the B fault. East of CDP 2221
and in the upper 250 ms reflected events becomes horizontal, continuing beyond the length of
our seismic profile. We interpret this transition from dipping to horizontal reflected events as a
contact between the alluvial fans off the mountain and channel deposits.

A

B

C

Figure 22: Final stacked record section profile EP-1.5. Three faults are identified and labeled A,
B, and C. Profile location can be found in Figure 2.
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Seismic Profile EP-1.5
The migrated stacked profile section EP-1.5 (Figure 22) is limited to 25 shots but is still
very useful to confirm subsurface structure observed in profile EP-1 because it is in the same
location. The shorter shot spacing relative to EP-1 shows a significant enhancement of reflection
continuity. Data quality however degrades to the east as a result of having to stack in only the
longer offsets. Structurally we observe the truncation of reflected events along the same location
observed in EP-1 confirming its presence (A Figure 22). I also extrapolated the EPF surface
scarp to depth (B Figure 22) and observe a dip change at the fault plane. At the location of the C
fault we observe a termination of reflected events followed by and a very non continuous
mixture of scattered energy to the east. This is likely the result of poor data quality further east.

D

B
A

C

Figure 23: Final stacked record section profile EP-2. Three faults are labeled A, B, and C
matching the faults in our other profile EP-1.5. Profile location can be seen in Figure 2.
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Seismic Profile EP-2
Reflection amplitudes for profile EP-2 appear to be slightly greater than in EP-1.5, likely
as a result of having a higher fold. The subsurface character, in terms of the number of reflected
events and apparent offset on faults, is very similar to our northern profile EP-1.5. We have
identified and interpreted the structures to be continuous between our two profiles. On the west
end of our profile EP-2 we observe a dip change and discontinuity of reflected events that we
match to the previously described A fault. Data from the Pure Oil well would suggest the
reflections west of A are likely Permian limestone. The onlapping of reflected events on A
suggest this structure is defining the boundary fault of the Mesilla basin. We were unable to
identify a correlation of reflected events suggesting offset along the A fault is greater than
several hundred meters. We observe the A fault is approximately 250 m – 300 m west of
observed surface scarps consistent with our observations of the northern profile EP-1.
Near the center of our profile EP-2 we identify a break in reflection continuity (B Figure
23). Correlating the location of observed surface scarps to depth using the constraint of 75°s
matches the location of our observed break in reflection continuity. We interpret this to be the
same B fault observed in the northern profile. The profile was converted to depth and offset
along the B fault was measured to be 70 m at the first most prominent reflected event (B, 250 ms
Figure 23). Offset along the B fault is observed to increase to 150 m at greater depths (B, 450
ms Figure 23). East of the B fault we observe the same C fault that forms a mini graben with the
B fault as we interpreted for the northern profile EP-1.5 (C Figure 23).
Offset along the C fault is estimated at 50 m – 100 m on the most prominent reflection at
a depth of 350 m (C, 400 ms Figure 20). Offset increases to 150 m at an approximate depth of
500 m (C, 550 ms Figure 23). Similar to our northern profile EP-1 we observe depositional
features described below.
East of the B fault in the upper 300 ms we observe approximately five east dipping
reflected events (D Figure 23). Our interpretation for these reflected events as alluvial fan
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deposits are the same for both the northern profile EP-1 and southern profile EP-2. We observe a
transition from dipping reflected events to horizontal in the middle of the B and C fault (CDP
4300, 200 ms Figure 23). This transition is best imaged in profile EP-2. We interpret this
transition as the contact between alluvial fan deposits off the mountain and channel deposits.
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DISCUSSION
Our observational technique of using high resolution vibroseis seismic data in this study
shows many benefits to characterizing an unknown fault system. We have been able to identify
unknown faults while getting reasonable estimates of fault offset and dip.

Through this

experiment we have gained valuable experience for future survey designs to better the overall
results obtained. We have learned that while using a station spacing of 10 m provides useful
results, the benefit of switching to 5 m station spacing would be great. An example is the
comparison of profiles EP-1 and EP-1.5 (Figures 21 and 22). We observe that even with only
acquiring 25 shots with stations spaced at 5 m the data clarity is significantly greater. The
negative side of choosing smaller station spacing is largely a factor of time. With proper
planning the issue of time however could be factored in to produce a better overall study. While
we recommend 5 m station spacing, the data obtained from our 10 m station spacing shows it can
be a good pilot study for future investigations.
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Figure 24: Schematic showing the structure associated with the East Potrillo fault system. The
B fault was the only fault previously identified prior to this study based on surface features. The
A and C fault represent a more complicated fault system than previously thought.
Considering the EPF system was in part defined by surface scarps we have found our
investigation to provide a better reference for the subsurface structure of the EPF system. We
have identified three faults in the subsurface including two previously unknown faults referred to
as A, B, and C (Figure 24). The A fault is the furthest west, closest to the mountain front. The A
fault is determined to be the largest fault in the EPF system for the following reasons. The
location of the A fault is determined from truncating reflected events on a 70° east-dipping
structure. West of the identified A fault the Pure Oil well indicates a Paleozoic section and no
basin fill sediments. This suggests the reflected events are truncating at the boundary of the
Mesilla basin. Additionally no correlation of reflected events is found west of the A fault which
further suggests it marks the boundary of the Mesilla basin and/or fault offset is greater than our
imaging capability of greater than 800 m – 1000 m. Lastly, we consider the fault offset and dip
of the B and C fault. The B and C fault are located approximately 300 m and 600 east of the A
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fault, respectively. The B and C faults dip at 75°s to the east and west, respectively and have
near surface (150 m) offset of approximately 50 m – 100 m. The similar dip and offsets on the B
and C fault suggest faulting occurred simultaneously. This is also supported because the C fault
merges at depth with the B fault. Because the main range bounding fault is thought to have
offsets up to thousands of meters and the B fault will merge at depth with the A fault we can
make the following statement. The A fault is the main range bounding fault and should be
referenced as the EPF, because it defines the boundary of the fault system. The B and C faults
are secondary faults occurring at a similar time.
The impact of our findings related to seismic hazards is a point of interest to surrounding
communities and the scientific community as a whole. Cervera (2006) gave the first indication
that the EPF system is an active fault and our study expands on the scale of the system. As a
general statement, we have determined the seismic hazard associated with the EPF system is
greater than previously estimated based on the identification of two previously unknown faults.
The dimensions of the all the faults in the EPF system are important to consider to gain a general
understanding of potential seismic hazards. These dimensions include fault length, fault offset
and fault dip. In our data set the B fault has the best constraint on fault length from surface
mapping. We have determined consistent fault activity based on evidenced from increasing fault
offset with depth. A limitation however is the age of the lithology being offset. If we knew the
age of lithology being offset, slip rates could be calculated and compared to the slip rates
calculated from Cervera (2006). Age information could be obtained from well logs however a
problem is the 700 m depth necessary to sample appropriate lithology. The length of the A and
C fault is currently limited 1 km, the distance between our northern and southern profiles. We
expect the A fault to equal the length of the secondary B fault but the exact length of either the A
or C fault is out of the scope of this study.

In the next section we discuss other limitations

encountered in this study.
The near surface expression of the A, B, and C faults (upper 100 m) is not well imaged in
our seismic profiles.

Specifically, the fault location at the surface is currently limited to
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interpolating from deeper offset of reflected events. Similarly, the fault character at depths
beyond approximately 500 m becomes difficult to trace because of attenuation of seismic energy.
Additionally, the exact definition of the boundary forming A fault is limited for the following
reason. The A fault is located at the western end of our profile where the fold coverage becomes
less, resulting in lower seismic amplitudes. The same problem of decreased fold applies to the C
fault.
The C fault is best defined by a zone of reflected events from 200 m – 400 m.
Correlating reflected horizons below 400 m while possible, is limited to poorly resolved
reflections. Because the C fault is located at the east side of our seismic data reflected events
below the footwall are distorted. The B fault contains the least amount of limitation given our
survey design. This is because the B fault is located in the central region of our seismic data,
where we have the highest fold. The above limitations arise from the survey design implemented
in this study. A lesson learned is to collect data beyond points of possible interest. Doing this
would increase fold coverage giving a better overall seismic record. We also note the seismic
station spacing, if spaced at 5 m, would resolve most fault limitations to a depth of
approximately 500 m -700 m.
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CONCLUSIONS
In July of the summer in 2008 UTEP collected a high resolution seismic reflection study
across the surface scarp of the EPF. Two seismic profiles were interpreted to characterize the
subsurface structure of the EPF system. We have characterized three faults in the subsurface
related to the EPF system (Figure 24). Two faults were previously unknown faults. The range
bounding fault (A fault Figure 24) of the EPF system was determined to be approximately 300 m
further west than previously described. We defined the dip to be 70 degrees to the east. Two
secondary faults (B and C in Figure 24) form a graben within the EPF system. Offset on the B
and C fault are determined to increase with depth and have a maximum offset of approximately
150 m. As a method of investigation we find the use of a vibroseis source a good choice for
collecting high resolution seismic data. Survey design is found to play an important role in data
acquisition and we recommend utilizing 5 m station spacing.
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